There is little epidemiological evidence linking subjective stress to objective etiologic indicators. To clarify an association between work-related stress and autonomic nervous function, we examined call center employees (167 males and 371 females) undergoing electrocardiography (ECG) at the time of annual health checkups. The questionnaire was composed of the Brief Job Stress Questionnaire based on the demand-control-support model and the Social Readjustment Rating Scale including detailed contents of home stress. The Bazett's corrected QT (QTc) interval, QT index, and heart rate were obtained from the ECG data. The male employees showed significantly higher scores of job demand, job control, and supervisor support than the female ones. In the male employees, QT index indicating the extent of autonomic imbalance and heart rate were associated with high score of supervisor support and low score of coworker support (P < 0.05), but no significant relationships were seen between QTc interval and either job strain (i.e., job demand and job control) or home stress. By contrast, the female employees showed no significant links between any autonomic indicators and either work-related stress or home stress. These data suggest that work-related stress affected QT index in male employees suffering specific occupational stressors such as emotional abuse from unsatisfied customers. Specifically, supports from supervisors and coworkers were paradoxically associated with QT index, implying that supervisors may have failed to effectively support such male employees. Also, autonomic nervous function in male employees appears to be more vulnerable to work-related stress than that in female ones.
Introduction
With regard to the epidemiological evidence linking work-related stress to cardiovascular disease, the stress and cardiovascular disease are not directly tied but mediated by a certain etiologic mechanism. However, there is less research on the etiological pathways of the disease causation (Schnall et al. 1994) . Collins et al. (2005) examined electrocardiographic QT intervals for 36 healthy men wearing 48-h Holter-monitor, and one mechanism suggested by them was the disturbed cardiovascular regulatory pattern associated with job strain in a pathogenic manner. In this case, it may not be easy to examine a large number of workers with 48-h monitor. Another mechanism was concerning autonomic imbalance induced by home stress (Maeda et al. 2015) , but not work-related stress. For the earlier prevention of work-related cardiovascular events and a better understanding of the pathophysiology, it is important to investigate the association between work-related stress and autonomic outcomes by using simpler tools.
As a measure of work-related stress, the job demandcontrol-support (DCS) model with three dimensions (i.e., job demand, job control, and social supports), focusing on self-reported features of the work environment that can trigger disease (Karasek 1979) , has been widely used all over the world (Schnall et al. 1994; Karasek et al. 1998) . A number of studies have related these data to job performance, job satisfaction, presenteeism, and depressive status (Kawada and Otsuka 2011; Inoue et al. 2016; Saijo et al. 2016 Saijo et al. , 2017 Sugawara et al. 2017; Oh et al. 2017 ), but most of them were done by use of subjective outcome variables resulting from a questionnaire method. In this sense, there are few reports using objective outcomes (Collins et al. 2005; Otsuka et al. 2009; Maeda et al. 2015) . QT intervals, as well as heart rate variability (HRV) and heart rate, have been considered as an objective marker of the development of ventricular arrhythmia or of the susceptibility to sudden death (El-Sherif and Turitto 2003; Jouven et al. 2005) , because QT intervals represent the duration between ventricular depolarization and subsequent repolarization (Yun et al. 2015) while the corrected QT interval (Bazett 1920) , by comparison with QT index (Rautaharju et al. 2009 ), tends to depend on heart rate . In this study, we investigated the impact of work-related stress, as well as home stress, on autonomic nervous function among call center employees undergoing electrocardiography (ECG) at the time of their annual health checkups. Moreover, sex and industry-type differences of such an effect were discussed in light of the literature, because the above employees frequently suffer specific occupational stressors such as emotional abuse from unsatisfied customers (Deery et al. 2002; Oh et al. 2017) .
Methods

Study population
In August-September 2015, a self-reported questionnaire was distributed to approximately 1,400 employees of a telephone call center in northeast Japan. They were engaged in call center work, and some had shift work. Of them, 244 male and 565 female employees, not including persons in a managerial position, consented to participate in this study and returned the questionnaire form to the health care nurse of the company (response rate = 61% and 69%, respectively). We excluded some respondents who did not undergo the annual health checkup conducted in September 2015 under the Industrial Safety and Health Law in Japan, those who suffered from stroke, heart disease including obvious pathological ECG, diabetes mellitus, chronic renal failure, and alcoholic dependency diagnosed by psychiatrist, and those whose forms of the questionnaire were not completed. On the other hand, we included 45 males and 118 females who had taken medicine as long as they did not have a history of diseases mentioned above. Finally, a total of 167 males aged 22-60 years and 371 females aged 20-61 years were enrolled. The institutional ethics committee for epidemiological studies of Akita University Graduate School of Medicine reviewed and approved the procedures of this study. All procedures performed in studies involving human participants were in accordance with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.
Measurement
The questionnaire included the Brief Job Stress Questionnaire (BJSQ) (Shimomitsu et al. 2000) based on the Job Content Questionnaire (JCQ) (Karasek 1979) , the Social Readjustment Rating Scale (SRRS) (Holmes and Rahe 1967) , and information about possible confounders such as age, height, body weight, employment status (i.e., permanent or precarious employment), smoking and drinking habits (yes/no), regular exercise (yes/no), sleep duration, and blood pressure (BP). Body mass index (BMI, kg/m 2 ) was calculated from height and body weight. Regular exercise was defined as at least one 30-min session at least once per week. Sleep duration (min) was computed as the difference between bedtime and wake time on workdays.
Job stress and home stress: The BJSQ was employed to evaluate job demand, job control, and social supports (i.e., supervisor and coworker supports), and has been widely used in Japan for practical occupational health evaluation and occupational health research (Fukuoka et al. 2005; Harada et al. 2005; Otsuka et al. 2009 ). Each dimension comprised three questions with responses being scored on a 4-point Likert scale (1 ="agree"; 2 ="somewhat agree"; 3 ="somewhat disagree"; and 4 ="disagree") (Saijo et al. 2016 ): Concerning job demand, i) you have to do an enormous amount of work, ii) you cannot complete all your work in the allotted time, and iii) you have to work very hard. Concerning job control, i) you can work at your own pace; ii) you can decide the order in which you do your work and the way you do it; and, iii) you can provide your opinions on the work strategy of your workplace. Concerning supervisor support (or coworker support), i) you can often communicate with supervisors (or coworkers); ii) you can strongly rely on supervisors (or coworkers) when you have problems; and, iii) your supervisors (or coworkers) are prepared to spend their time on your personal problems. The reversed total score for the job-demand or social-support questions and the total score for the job-control questions were used to evaluate them, and higher scores denoted higher job demand, job control, and social supports. Home stress, selected from the SRRS, included all kinds of events (i.e., divorce, marital separation, death of close family member, personal injury or illness, change in health of family member, gain of new family member, son or daughter leaving home, entrance examination of son or daughter, matrimonial quarrel, home mortgage of JP¥ 3,000,000 and over, mortgage or loan of less than JP¥ 3,000,000) that participants had for past one year (Natsume et al. 1988) , and the response was scored as 0 ="absence" or 1 ="presence" of more than one event.
ECG QT-related indicators: The ECG test was conducted by trained nurses of Sendai General Medical Checkup Clinic, using ECG-9130 electrocardiograph (Nihon Koden Co., Tokyo, Japan) after the subjects rested in the supine position for 2 min (Maeda et al. 2015) . Since QT intervals are known to be affected by heart rate (beats/min), corrected QT (QTc) interval was calculated from the RR and QT intervals on the ECG according to the Bazett's formula: QTc (ms 1/2 ) = (QT interval)/√(RR interval) (Bazett 1920; Murata et al. 1999a, b) . QT index defined by Rautaharju et al. (2009) also was calculated as (measured QT/predicted QT) × 100, where the predicted QT = 656 / (1 + 0.01 × heart rate).
Statistical analysis
The significance of sex differences was tested by Student t test for the BJSQ scores and autonomic outcomes (i.e., QTc interval, QT index, heart rate, and systolic and diastolic BP), along with age, BMI, and sleep duration, and by χ² test for home stress, regular exercise, smoking and drinking habits, shift work, and employment status. Multiple regression analysis was used to examine the relations of work-related stress (job demand, job control, and social supports), home stress, and possible confounders to the autonomic indicators. Likewise, multiple logistic regression analysis was done to calculate the odds ratio (OR) and 95% confidence interval (CI) of work-related stress and home stress on autonomic indicators after adjusting for the confounders. As a cutoff value, asymptomatically abnormal QT was defined as QTc interval ≥ 420 ms 1/2 and QT index > 110 (Murata et al. 1999a; Maeda et al. 2015) . High heart rate was defined as heart rate ≥ 75 beats/min according to the report on a predictor of sudden death (Jouven et al. 2005 ). In addition, hypertension was defined as systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg at the time of annual health checkups. All analyses, with two-side P value, were performed using the Statistical Package for the Biosciences (SPBS Ver. 9.68) (Murata and Yano 2002) , and the significance level was set at P < 0.05.
Results
Background characteristics of 167 male and 371 female employees with complete data, as well as 244 male and 565 female respondents including incomplete data, are shown in Table 1 . There was no significant difference in age or drinking habit between both sexes, while most of the characteristics showed significant sex differences. Concerning work-related stress scores, job demand, job control, and supervisor support were significantly higher in the males than in the females; likewise, the proportion of hypertension was 18.6% for the males and 7.5% for the females, and significantly higher in the former (P < 0.001).
On the contrary, QTc interval was significantly longer in the female employees than in the male ones.
Since there were no significant relationships between the BJSQ scores and systolic/diastolic BPs in the male and female employees (P > 0.05 by the Pearson productmoment correlation coefficients), the BPs were excluded from a series of outcome variables. The associations of work-related stress and possible confounders with autonomic indicators are presented in Table 2 . Although no significant relationships between work-related stress and autonomic indicators were seen in the female employees, supervisor support was positively related to QT index and heart rate and coworker support was negatively related to QT index in the male employees. Of possible confounders, BMI was positively related to all autonomic indicators except for QTc interval in the female employees; likewise, age was positively related to QTc interval in the males and females and QT index in the males. By contrast, regular exercise was negatively related to heart rate in the males and females. In addition, permanent/precarious employment was associated with long QTc interval in the males; in fact, age-adjusted QTc intervals in the permanent males (402 ± 18 ms 1/2 ) was longer than those in the precarious males (397 ± 15 ms 1/2 ) (analysis of covariance, P = 0.036). When adding the presence/absence of taking medicine in independent variables of Table 2 , it was not significantly related to any autonomic indicators and did not affect the above results (data not shown).
The proportions of elevated QTc interval (≥ 420 ms 1/2 ) were 9.6% for the males and 18.6% for the females, and the significant difference was seen between both sexes (χ 2 = 6.378, P = 0.012). Also, the proportions of higher QT index (> 110) and heart rate (≥ 75) were 17.4% and 32.9% for the males and 22.1% and 27.2% for the females, respectively, but there were no significant sex differences (P > 0.05). When the ORs of work-related stress and home stress after adjustment for possible confounders were surveyed (Table  3) , supervisor support and coworker support were significantly associated with QT index of more than 110 only in the male employees. 
Males
Discussion
We employed QT-related parameters as objective outcome variables for subjective stress, whereas call center employees in our study had significantly lower BJSQ scores than Japanese nurses (65 males and 992 females) living in Hokkaido, Japan (P < 0.001 by Student t test) whose scores were 9.2 ± 1.9 (mean ± SD) for job demand, 7.3 ± 1.9 for job control, 7.4 ± 2.1 for supervisor support, and 8.3 ± 2.0 for coworker support (Saijo et al. 2016 ). The main finding was that subjective supports from supervisors and coworkers were associated with QT index and heart rate in a sta-tionary state among the male employees. Collins et al. (2005) demonstrated a significant association between job strain (i.e., job demand and job control) and sympathetic control during working hours. The different stressors seen in these two studies would have been due to the job type (i.e., community health planners and call center employees) as well as the measurement method. On the other hand, another study with 1,809 male employees, belonging to a health insurance union of automobile dealerships in Japan, failed to find a significant relation of work stress to QT index or QTc interval (Maeda et al. 2015) , probably because of one question of whether the subject felt any stress at the workplace (yes/no), but not a multidimensional questionnaire like the JCQ. Individuals with effort-reward imbalance at work have an increased risk of coronary heart disease (Kivimäki et al. 2012; Dragano et al. 2017) , and QTc prolongation has been reported to be associated with allcause mortality and cardiovascular events (Yap et al. 2016) . Therefore, such autonomic imbalance resulting from workrelated stress may represent a high-risk state leading to cardiovascular events, though the effects of work-related stress appear to differ among the industry types.
To our knowledge, this may be the first study to suggest contradictory effects of two social supports on autonomic imbalance. In other words, high supervisor support and low coworker support were associated with high QT indices, respectively. Nagami et al. (2010) also reported similar results in relation to job performance, but they seemed to avoid the decisive conclusion. Social supports are thought to be a key influencing factor on health (Blanch 2016) . Most of the studies based on the DCS model reported that supervisor support had a buffering effect on depressive symptoms (Saijo et al. 2016; Weigl et al. 2016) and that higher coworker support showed a protective effect on job satisfaction and productivity (Baruch-Feldman et al. 2002) and absenteeism (Saijo et al. 2017) . Consequently, coworker support appears to control autonomic imbalance in male employees. With regard to supervisor support, by contrast, two following explanations are possible: Supervisors of this study might have failed to alleviate the stress of male employees effectively due to the atypical working environment, in which employees had to engage in one-to-one phone conversation with their customers; next, higher supervisor support might reflect higher morale and performance of the employees, followed by a grave responsibility and a great burden for them. In any way, additional research with a large number of male workers is required to reconfirm the paradoxical effects of supervisor/coworker supports on autonomic imbalance.
The male employees of our study showed higher scores of all work-related stressors except for coworker support than the female ones. Also, the way to link workrelated stress to autonomic imbalance seemed to differ between the male and female employees ( Table 2) ; i.e., the significant associations of social supports with autonomic indicators were observed only in the male employees, nevertheless the females were twice the size of the males. Likewise, job control and social supports were significantly related to job performance in male employees of a manufacturing company in Japan (Nagami et al. 2010) , but there were no significant relationships between them in female employees of the same company. Apart from the workrelated stress, QTc prolongation due to shift work has been reported in male workers (Murata et al. 1999a (Murata et al. , b, 2005 but not female nurses in Japan (Ishii et al. , 2005 . In this study, the presence/absence of shift work was used as a confounder of our multivariate model, but we could not find any significant relationship between shift work and autonomic indicators. Thus, limited evidence suggests that autonomic imbalance resulting from work-related stress may emerge more readily in male workers than in female workers. Future research on occupational stress should be carried out for males and females separately. In addition, what affects autonomic imbalance in female workers awaits further study.
As other factors excluding work-related stress, age and BMI were suggested to affect QT-related indicators for male and female employees (Table 2) , which is consistent with previous reports (Murata and Araki 1996; Arai et al. 2013 ). In addition, permanent employment, compared with precarious employment, was associated with prolonged QTc interval only for male employees. Although precarious employment has been reported to be associated with increased depressive symptoms (Virtanen et al. 2005; Kim et al. 2016) , our result seems to be contradictory. However, the male permanent employees of call center bore a heavier responsibility than other employees within the company, which would be associated with autonomic imbalance as a result. In any study, special attention should be paid to employment status and industry type (Tanaka et al. 2017) , as well as confounders such as age and BMI. The proportions of smoking and drinking habits among call center employees of this study, excluding that of male drinker, were higher than those of the national representatives (30.1% for male smoking, 7.9% for female smoking, 61.9% for male drinking, and 30.6% for female drinking) (Ministry of Health, Labour and Welfare 2017). These proportions were similar to those obtained from salesmen residing in the same region Iwata et al. 2013) . That is, the proportions of such habits may have differed between workers and the general population. In addition, drinking habit was not significantly related to any autonomic nervous indicators in young adults , and smoking and drinking habits also were not significantly associated with QT intervals in an initial cohort with normal QT interval or without hypertension (Murata et al. 1999a) . For that reason, the characteristics of the present participants would not affect the external validity greatly.
This study may have some limitations, together with strength. Of the 244 male and 565 female respondents in the current study, 271 (33.5%) had some incomplete data (Table 1) , but their data did not significantly differ from those of the current 538 participants except for two confounders of age and shift work in both sexes (P < 0.01), and sleep duration and scores of job demand and social supports in females (P < 0.05). The main reason for incomplete data was that some young employees with night work could not undergo ECG test at the time of the annual health checkups; whereas, such employees did so at the time of special medical examination for workers engaged in night work. The sample size of the study population might not have been large enough to have a potent power, but we could find some significant associations between work-related stress and autonomic indicators in the 167 male employees after adjustment for possible confounders. We did not have socioeconomic and educational data which might distort our results (Saijo et al. 2016; Loerbroks et al. 2017 ), but the employees were in a homogenous condition because of the same company. Due to the cross-sectional design, the directions of associations should be interpreted carefully. Autonomic indicators employed in the current study are objective measures and thought to reflect a function in a stationary state; for this reason, it is unlikely that QT-related indicators caused work-related stress unless the subject had a heart disease. Regarding the assessment of autonomic nervous function, since we developed a new method to examine the averaged QTc interval and QT index of 30-sec ECG data, as well as the HRV with frequency-domain analysis, totally in 10 minutes Tatsuta et al. 2015) , its use would have been more desirable than the ECG test of the current study. In any case, our data appear not to be heavily influenced by measurement bias and/or confounders.
In conclusion, high supervisor support and low coworker support in male employees were associated with increased QT index, suggesting that autonomic imbalance due to such stressors may enhance an cardiovascular risk in a neurogenic manner. QT index of ECG obtained from individual health checkups, as well as a stress checklist like the BJSQ, will be useful for the primary prevention of cardiovascular disease in workers. In addition, male employees appear to be more susceptible to the autonomic effect of work-related stress than female ones.
